The reserve protein in protein bodies in the cotyledons of pea seeds is hydrolyzed by proteolytic enzymes, and the hydrolysates are transported to the embryos, as seed germination proceeds.-31
The reserve protein in protein bodies in the cotyledons of pea seeds is hydrolyzed by proteolytic enzymes, and the hydrolysates are transported to the embryos, as seed germination proceeds.- 31 We have reported4,5) that the cotyledons contain a membranebound protease, which is recovered in microsomal fraction after differential centrifugation of whole homogenate, in addition to cytosol protease and that membrane-bound protease activity increases during seed germination but cytosol protease activity does not. The proteases are strongly inhibited by high concentrations of HgCls but not by p-chloromercuribenzoate and, there are at least two pH optima around pH's 6 and 8 for either protease.81 Our recent studies have shown that membrane(s) carrying protease is different from the smooth-and rough-surfaced endoplasmic reticulum.61 In the present paper we describe the solubilization and properties of membranebound protease in the cotyledons of germinating pea seeds.
Pea seeds (Pisum sativum var. Alaska) were germinated for 1 day in the dark at 28°C as described previously." Microsomal fraction was prepared from the washed cotyledons by the method as described previoulsy, and subjected to a discontinuous sucrose density gradient centrifugation 61 A fraction at the interface between 1.5 M and 1.0 M sucrose was collected and called nartially purified membrane fraction.
Membrane-bound protease was solubilized by the following method. Microsomal pellet was suspended in 0.01 at Tris-HCl buffer, pH 7.5, and incubated for 10 min at 60°C. To the suspension were added sodium deoxycholate, sodium cholate and Triton X-100 at final concentrations of 1, 0.5 and 0.1 %, respectively. After overnight-standing at 0°C, the mixture was subjected to a sonic oscillation at 20 kc for 90 sec with an Otake sonicator.
The solubilized protein was separated from membraneous materials by centrifugation at 105,000 x g for 60 min. About 70% of total protease activity in the homogenate was recovered in microsomal fraction, and 30 of the activity was in cytosol fraction. The heat-stability of proteases in cytosol and partially purified membrane fractions is shown in Fig. 1 Partially purified membrane and cytosol fractions were incubated for the required time at 60°C in 0.01 M Tris-HCI buffer, pH 7.5. Protease activity in partially purified membrane fraction relative to the activity before preincubation (•--•).
Protease activity in cytosol fraction relative to the activity before preincubation (O---O). Acid phosphatase activity in partially purified membrane fraction relative to the activity before preincubation (,4-(j).
protease was slightly activated by preincubation for a short period at 60°C. Prolonged preincubation resulted in slight inactivation, and about 80% of the original activity was recovered even after preincubation for 40 min. On the other hand, cytosol protease was rapidly inactivated during the preincubation.
Only 10% of the original activity was detected after preincubation for 20 min. Partially purified membrane fraction contained also acid phosphatase activity, and the enzyme was heat-labile. by treating microsomal fraction with detergents after preincubation for 10 min at 60°C, standing it overnight at 0°C and then subjecting the sample to a sonic oscillation, as described in Table I , Exp. 2. Only less than 100,0 of membrane-bound protease was solubilized, when microsomal fraction was subjected to either the sonic oscillation or the treatment with detergents. Less than 40% of the enzyme was released from membrane, when microsomal fraction was directly treated with the detergents and subjected to the sonic oscillation; that is, the sample was not incubated for 10 min at 60°C before the treatment with detergents and was not stood overnight at 0°C before the sonication (Table I, Exp. 1). Acid phosphatase in microsomal fraction seemed to be solubilized more easily than protease ( Table I ). The results indicate that protease associated tightly with membrane, probably with hydrophobic binding. Furthermore, the requirement of preincubation for the complete solubilization may suggest that membrane-bound protease has an autodigestive activity.
Solubilized membrane-bound and cytosol proteases were fractionated with ammonium sulfate. The solubilized membrane-bound enzyme was precipitated between 0.4 and 0.6 saturation with ammonium sulfate, and the cytosol enzyme was between 0.2 and 0.4 saturation.
The precipitate containing the former enzyme was dissolved in 0.01 M Tris-HCl buffer, pH 7.5, containing 0.1 % sodium deoxycholate, 0.05 % sodium cholate and 0.1 % Triton X-100, and the precipitate The enzyme preparations fractionated by ammonium sulfate precipitation were used, and preincubation was carried out as for Fig. 1 . Solubilized membranebound protease activity relative to the activity before preincubation (A). Cytosol protease activity relative to the activity before preincubation (B). Solid line; activity at pH 8.1. Dotted line; activity at pH 6.1.
;ontaining the latter enzyme was dissolved in 0.1 M Tris-HCI buffer, pH 7.5. The enzyme solutions were [hen dialized against the respective buffers described above.
Two pH optima, around pH's 6 and 8, were observed for both solubilized membrane-bound and cytosol proteases. It still remains obscure whether or not there are two proteases, acid and alkaline proteases, in either case of microsomal or cytosol fraction. Solubilized membrane-bound protease(s) was very heat-stable as compared with cytosol protease(s) (Fig.  2) . Cytosol protease(s) lost almost all of the activity at both pH's 6 and 8 during preincubation for 10 min at 60°C, whereas solubilized membrane-bound protease retained the activity during the preincubation.
pChloromercuribenzoate at a final concentration of 0.1 M did not inhibit the activities of both solubilized membrane-bound and cytosol proteases.
The reagent at higher concentrations weakly inhibited the activities, but there was no remarkable difference in the inhibitory magnitude between two proteases as far as we tested.
These results indicate that there is a protease(s) bound tightly to a membrane(s) in addition to a protease(s) in a soluble form in the cotyledons of germinating pea seeds. Membrane-bound protease(s) itself is heat-stable, whereas cytosol protease(s) is heat-labile.
